Abstract. The effect of density and temperature fluctuations on the intensity of the recombination and collisionally excited lines is investigated. Dimensions of dense clumps in planetary nebulae are estimated.
Introduction
Planetary nebulae (PN) are seen in the optical spectral range as strongly inhomogeneous objects. Both the density and temperature inhomogeneities are observed (Kaplan and Pikelner, 1979; Pottash, 1984; Megeath et al., 1990) . These inhomogeneities have a considerable influence on the PN spectra and their abundance determinations.
We have estimated the influence of density and temperature fluctuations on the recombination and collisionally excited line intensities. The lines of the ions of C, N and 0 were considered because only these ions, except of HI and Hel, have strong recombination lines in the PN spectra. The dimensions of the dense clumps in the PN are estimated.
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Abundances of C, N and O ions in planetary nebulae with temperature fluctuations
Standard methods of the ion abundance determinations in PN have been described by Aller (1984) , Nikitin et al. (1988) and in other papers. Let us consider the observed fluxes corrected for the interstellar reddening. The total energy radiated by a PN in the recombination line k -> i of the ion of type X with frequency Uki is Eki=hvki J n + neafi dV .
v Here ne and are the electron density and concentration of the ion X + ; V is the emitting volume, afj is the effective recombination coefficient of the line k -• i. Similarly, the total energy radiated by a PN in the collisionally excited line m -> n of the ion of type X with frequency umn is Emn = humn J ne n(X) q e *n dV .
V Here is the effective coefficient of the collisional excitation of the line m -> n, where (47r) _1 ne "(X)
is the emission coefficient for the line m -> n and n(X) is the number density of the ion X. Using equations (1) and (2) we have supposed that the PN is transparent in lines k -• i and m -• n for recombination, forbidden and intercombination lines. In the first approximation ne may be replaced by the mean electron number density ne and by af{. Then the total energy in the line
where a = i*ft= 10-13 ZCV r , a = "r" , kl I Tki = ?o exp(-Ek/kTe) , a = "c" .
Here u = 10~4 Te/Z 2 (Z = 1 for recombination of neutrals, etc.), C r and r] are fit parameters, Ek is the excitation energy of the level k, "r" and "c" refer to recombination and collisional lines. Let N(A) is the total abundance of the ion A in the nebula (A is X + and X for recombination and collisional lines, respectively). Then, assuming equal values n e and T e for the k -> i and H/3 lines we obtain = M+/H+} -
Here Fti is the observed flux in the line k i corrected for interstellar extinction and F(R/3) is the same for the H/9 line, the quantities alf and a eff (H/3) are the corresponding effective recombination coefficients. We took into account the contribution both of the radiation and the dielectronic recombination to the coefficient X(T e ), what gives X(T e ) = xo(T e /10 4 y,
where the numerical values of approximation parameters xo an d f? are given by Golovatyj et al. (1991) and Pequignot et al. (1991) .
Using the observed intensities of the recombination lines (Kaler, 1976; Aller and Czyzak, 1979, 1983; Torres-Peimbert et al., 1980; Aller and Keyes, 1987 ) the abundances of C, N and 0 ions for 61 PN are obtained. Ionization correction factors are received from ionization models by Aller and Czyzak (1983) . We used, for example, the next ratios where KQ = 3.6; 2.4 and 2.0 for nebulae having excitation classes E w = 8, 9 and 10. The recombination contribution in the intensities of the Bowen lines of OIII was computed as proposed by Nikitin et al. (1987) . The abundances determined from collisionally excited lines are taken from papers by Aller and Czyzak (1979 ), Pottash (1984 and Perinotto (1991) . The abundances of C,N and 0 ions in PN found from the recombination lines often exceed those from the collisionally excited lines. We have investigated the dependence of the ratio {N Tec }/{iV C oii} versus {N co ii} where {iV rec } and {iV co n} are the abundances of the ion X determined from the recombination and the collisionally excited lines. Figs. 1-3 show the recombination overabundances {iV rec /iV co n} versus abundances obtained from the collisionally excited lines {iV co n}. The negative correlation between the values {N iec /N co \\} and {7V co ii} holds only for PN of types II and III. 
Temperature fluctuations in planetary nebulae
The abundance ratios given in Figs. 1-3 were obtained assuming isothermal PN. Large differences between the "recombination" and the "collisional" abundances can be explained if the nebula is not isothermal or homogeneous. First of all we shall consider the case Te const. There are many local electron temperature fluctuations in PN. Following Peimbert (1967) and Zuckerman and Aller (1986) , we consider temperature fluctuations t 2 as rms deviations from the mean temperature 
Here rii is the number density of «-type ion, and V is the volume in which the ion is localized. Thus the total energy emitted in the line k -* i is
where the energy emitted by the unfluctuated nebulae is determined by expression (3) and -0.01
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{0/H}coll Fig. 3 . Ratios of the "recombination" and the "collisional" abundances for oxygen.
(1988) we obtain for the H/? line: ¡i = -0.05, for CIIIA4650 line: H = -0.12 and for CIIA4267 line: fj, = -0.10. Changes in intensities of the recombination lines do not exceed 1-2 % because most of PN have temperature fluctuations t 2 < 0.1 . Contribution to the effective recombination coefficients by dielectronic recombination was taken into account using expression (6) from Nikitin et al. (1992) . In the paper were found the recombination coefficients in the form 
and these were given together with numerical values of the fit parameters , TJ and F. Using expression (9) we obtain r,' (if -1 ) + R {rj dl fr* -1) + 2 F Z 2 + (F Zf)
where R = cxfj/aj^. Adding the dielectronic recombination contribution to the .total effective recombination coefficient does not change significantly previous conclusion that changes in the recombination line intensities due to the temperature fluctuations are small. Let us consider now the case of collisionally excited lines. Using ionization correction factors given above, instead of (11) we can write:
^=I{^-2/9(l-i/ c ) + i7 c C7 c -l)}-
Here ¡3 = E^/kTo. For example, the temperature fluctuations t 2 = 0.1 at Te = 10000 K increase the intensity of the line CIIIA 1909 by 2.8 times.
For thermally inhomogeneous nebula one has to multiply the function X(T e ), given by equation (5), by the abundance correction factor A:
where T\ is obtained from intensity ratio of the forbidden lines without temperature fluctuations. The values of A for the line CIII A 1909. needed in obtaining the realistic ion abundances for nebulae with temperature fluctuations.are given in Table 1 . 
Cold dense clumps in the gaseous nebulae
Now we shall consider the other possibility explaining the differences between the "recombination" and the "collisional" abundances.
Let us assume, that there are many dense cold clumps (clouds) in the nebula. Such clumps are seen, for example, on the optical images of a huge planetary nebula NGC 7293 (Pottash, 1984) . We assume that the clumps are the rests of former maser condensations in the OH/IR progenitors (see Dyson et al., 1989) .
Let us try to determine line intensities in a clumpy nebula. We assume that all the clumps have the same electron temperatures (2) T e = T 2 and densities n e = nl , and the interclump medium has T e = T\ and n e = n^. It is natural to assume that the gas pressure in both parts of the nebula is the same, i.e. nkT = const. We use notations V\ and V 2 for the volumes of the dense and the rarefied parts of a nebula, and Ni = Wi(X + ®) and N 2 = N 2 (X +q )
for the total numbers of ions of the stage q emitting in the line k -> i from the clumps and the intercloud medium. If hydrogen in the nebula and in the clumps is fully ionized then the ratio Q = ni^/n^ -T1/T2.
Using expression (8) we can write the intensity of the line k -• i emitted by a nebula.when it is transparent in these condensations.in the following form
where Jjj^ is the line intensity for homogeneous nebula, 8 = N 2 /{N\ + N 2 ) and /i c = (Q /2//1) -1. In expression of fj, c we have / = cv^f for recombination lines and / = qfl for collisionally excited lines. Indices 1 and 2 are used for the rarefied and dense parts of the nebula, respectively. It is evident that 8 = (n^" 9 Vi V2), where n.2 9 and n^9 are the number densities of the ion X +9 in the clumps and rarefied parts of the nebula.
To estimate the ion number densities in the clumps we can use the following scheme. The equation of the ionization equilibrium is r, n(X +9 ) = n^ n(X +(9+1) ) a x .
Here aj = a(T e = Ti), T q is the ionization rate for the ion X +?
and a 1 is the total rate of all recombination processes. We assume that nebulae are almost transparent for the ionizing radiation. Then the total ionizing radiation field will not change, but the right hand part of (15) Relative abundances of some ions in the clumps in the planetarynebula NGC 7662 (values x^ are taken from the ionization model by Harrington et al., 1982) are given in Table 2 . It follows from this Table that even for the clumps, transparent for the ionizing radiation, there is very low rate of high ionization stage ions (for example, C +2 ). So one cannot expect a strong emission in the recombination lines. Ionization ratio {H + /H} versus temperature of the clumps in approximation nkT = const is given in Fig. 4 .
Assuming the thermal instabilities (Field, 1965) as the main generator of temperature inhomogeneities, the size and total number of the clumps in PN can be estimated. We may use standard expressions (Kaplan and Pikelner, 1979) for the thermal instability formation time and their characteristic dimensions:
where the cooling rate L(Te) is taken from Kaplan and Pikelner (1979) and the thermal conduction coefficient x is taken from Leng (1974) . The values of ta and lti as well as the characteristic masses of the clumps and their angular diameters (assuming 1 kpc for their distances) are presented in Table 3 . One can see that the total number of clumps in PN is about 10 9 . Using the values Mc\ from Table 3 and taking 0.1 -1.0MQ for the mass of PN we conclude that the clumps contain about 10 -50% of the mass of PN. O'/l 10~7 Table 3 shows the clumps in PN being far from their optical detection but it is possible to find them using radiointerferometer observations of the radiorecombination lines.
Conclusions
1. There is discrepancy in the C, N and 0 ion abundances determined for uniform nebulae from the recombination lines and the collisionally excited lines. This discrepancy is a measure of the thermal and density inhomogeneities in PN.
2. Only the thermal fluctuations can explain discrepancies in the "recombination" and the "collisional" abundances. However, there is a puzzling fact: different C, N and 0 ions give essentially different values of the temperature fluctuations t 2 .
3. Radiorecombination line observations of the PN spectra can be used for detection of the cool dense clumps.
